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Purpose: Overweight can be defined by the body mass index (BMI) and is likely associated with an 
increased cardiovascular disease risk. However, waist circumference (WC), a central adiposity index, 
may be a better Indicator of cardiovascular disease risk. Studies comparing the effects of BIVll and WC 
on cardiovascular riskfactors, such as high blood pressure (BP), are rare in adolescents. 
Methods: We analyzed the correlations of BMI and WC with BP In 3,363 Korean adolescents (aged 
10-19 years), using data from the Korean National Health and Nutrition Examination Surveys (2009- 
2011). 

Results: Systolic BP (SBP) In both sexes and diastolic BP (DBP) In boys were higher In the high BIVll 
(>85th percentile) and high WC (>90th percentile) groups. High BMI and high WC were positively 
correlated with high SBP (>90th percentile) In both sexes, and high DBP (>90th percentile). In boys. 
BMI maintained Its positive associations with SBP DBP high SBP and high DBP In the normal weight 
(BMI<85th percentile) and overweight (BMI>85th percentile) groups in both boys and girls, as well as 
In all subjects of both sexes, even after adjustment for WC. However, WC did not correlate with SBP 
DBP high SBP or high DBP after adjustment for BMI In any group In either sex. 
Conclusion: In Korean adolescents, BMI correlated better with BP and high BP levels than WC. 
Further, BMI was positively associated with BP and high BP In the normal weight group as well as In the 
overweight group. 
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Introduction 



Obesity in childhood has been shown to develop into adulthood obesity", and hence, 
it may increase the lisk of cardiovascular disease (CVD) later in life^"*'. Moreover, even in 
youth, obesity is closely associated with high blood pressure (BP)*'"' that is known to be 
an important risk factor for CVD. Thus, the prevention of obesity in childhood may be 
important in reducing the risk of CVD later in life. 

Body mass index (BMI) and waist circumference (WC) are commonly used indices 
to assess obesity. Most previous studies have reported that BMI and WC are positively 
correlated with BP in children and adolescents'"^'. Considering that adiposity and fat 
distribution may be more strongly associated with CVD than simple body mass, and that 
WC reflects central adiposity, WC can be suggested to be a better indicator of CVD risk 
such as high BP, than BMI, which reflects both lean and fat mass"". However, whether 
WC measured in childhood correlates better with high BP than BM is still unresolved'''"'. 
In addition, there is little data regarding the correlations of BMI and WC with BP in 
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nonobese and obese adolescents. 

In the present study, we examined the associations between 
BP, BMI, and WC in Korean adolescents using data from the 
Korean National Health and Nutrition Examination Survey 
(KNHANES). We analyzed these relationships both in normal 
weight and overweight groups as well as in aU subjects. 



Materials and methods 

LData 

We analyzed data from the KNHANES for the years 2009- 
2011'^'. The KNHANES is a nationally representative cross- 
sectional survey that collects health- and nutrition-related data 
annually from stratified, multistage probability samples of 
Korean households representing the civilian, noninstitutionalized 
population. The KNHANES consists of a health interview survey, 
health behavior survey, health examination survey, and nutrition 
survey. Details of the survey design and measurement procedures 
are documented elsewhere {http://knhanes.cdc.go.kr/)'^'. Data 
from the KNHANES are publicly available from the Korean 
Center for Disease Control and Prevention'^'. A total of 3,363 
adolescents aged 10-19 years (1,757 boys and 1,606 girls), who 
completed both anthropometric and BP measurements were 
included in this analysis. The institutional review board of Inje 
University Sanggye Paik Hospital approved this study. 

2. Anthropometry and obesity measurements 

Height was measured in the standing position to the nearest 
0. 1 cm using a stadiometer. Body weight was measured to the 
nearest 0. 1 kg using a calibrated balance-beam scale, with the 
subjects wearing a lightweight gown or underwear. WC was 
measured to the nearest 0. 1 cm at the midpoint between the 
bottom of the rib cage and the top of the lateral border of the 
iliac crest, with minimal respiration. BMI was calculated using 
the formula: BMI=weight {kg)/height (m)^ The Korean Center 
for Disease Control and Prevention (CDC) reference data were 
used in the determination of the sex- and age-specific percentile 
cutoffs for BMI and WC"'. We defined the 85th percentile for 
BMI as the cutoff for "high BMI" and "overweight" and the 90th 
percentile for WC as the cutoff for "high WC." 

3. BP measurement 

BP was measured after 5 m of quiet rest using a mercury 
sphygmomanometer and appropriately sized cuff with the 
subjects seated and the right arm positioned at the level of the 
heart. Trained healthcare personnel (nurses and technicians) 
measured BP using the same instruments (Baumanometer 
sphygmomanometer, WA. Baum Co., New York, NY, USA) in 



all surveys. BP was measured 3 times in each subject, and the 
mean systolic BP (SBP) and diastolic BP (DBP) was calculated as 
the average of the second and third readings. We determined the 
gender, age, and height-specific percentile cutoffs for BP using 
the Korean CDC reference tables"'. The 90fh percentile for SBP 
and DBP were defined as the cutoff for "high SBP" and "high 
DBP," respectively. 

4. Statistical analysis 

SPSS ver. 12.0.1 (SPSS Inc., Chicago, IL, USA) was used for 
statistical analyses. Analyses were performed separately for 
boys and girls, because of the known influence of sex on body 
size and BP. Additionally, we conducted analyses separately 
in normal and overweight groups as well as in both boys and 
girls. We compared BP (SBP and DBP) in the normal and high 
BMI groups and the normal and high WC groups using analysis 
of covariance adjusted for age and height. Multivariate logistic 
regression analysis was used to estimate the age- and height- 
adjusted odds ratios with 95% confidence intervals between high 
BP (high SBP and high DBP) and high BMI and high WC. The 
partial correlations of BMI and WC with BP (SBP and DBP) and 
high BP (high SBP and high DBP) were analyzed. 

We used various sets of adjustments in the partial correlation 
analyses: Ml represented an adjustment for age and height; 
M2 represented an adjustment for WC in addition to Ml; and 
M3 was an adjustment for BMI in addition to Ml. Two-tailed f 
values <0.05 indicated statistical significance. 



Results 



Table 1. Characteristics of tiie study participants 



Characteristic 


Boys 
(n=1 ,757) 


Girls 

(n=1 ,606) 


P value 


Age (yr) 


14.0±2.7 


14.2±2.8 


0.154 


Height (cm) 


163.5±13.2 


156.8±8.3 


<0.001 


Weight (kg) 


56.6±15.5 


49.8±11.0 


<0.001 


Body mass index (l<g/m^) 


20.8±3.8 


20.1 ±3.4 


<0.001 


Waist circumference (cm) 


71.0±10.5 


66.7±8.5 


<0.001 


Systolic blood pressure (mmHg) 


All subjects 


108.7±11.1 


103.9±9.6 


<0.001 


Normal weight 


107.2±10.6 


103.3±9.4 


<0.001 


Overweight 


115.5±10.9 


107.0±10.1 


<0.001 


Diastolic blood pressure (mmHg) 


All subjects 


67.8±9.7 


66.2±8.1 


<0.001 


Normal weight 


67.0±9.5 


65.9±8.1 


<0.001 


Overweight 


70.9±10.1 


67.4±8.2 


<0.001 



Values are presented as mean±standard deviation. 
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Table 2. Correlation of blood pressure with high body mass index and high waist circumference, adjusted for age and height 

Girls Boys 



Variable Normal BMI High BMI „ , Normal WC HighWC „ , Normal BMI High BMI „ , Normal WC HighWC „ , 

(n=1,423) (n=334) (n=1.582) (n=175) (n=1,330) (n=276) ^'^^'"^ (n=1,453) (n=153) 

SBP(mmHg) 107.56±0.26 113.79±0.54 <0.001 108.09±0.25 114.82±0.76 <0.001 103.36±0.26 106.49±0.57 <0.001 103.59±0.25 106.85±0.77 <0.001 

High-SBP <0.001 <0.001 0.001 0.008 

No. of patients 106(7.4) 72(21.6) 138(8.7) 40(23.0) 118(8.8) 47(17.0) 137(9.4) 28(18.3) 

OR (95% CI) 0(0) 3.05 0(0) 2.70 0(0) 1.92 0(0) 1.85 

(2.18-4.26) (1.80-4.06) (1.32-2.79) (1.17-2.93) 

DBP(mmHg) 67.37±0.23 69.42±0.47 <0.001 67.46±0.22 70.48±0.66 <0.001 66.12±0.21 66.48±0.47 0.478 66.22±0.20 66.04±0.63 0.784 

High-DBP <0.001 0.001 0.990 0.597 

No. of patients 117(8.2) 61 (18.3) 142 (9.0) 37 (21.3) 137(10.3) 31 (11.2) 152 (10.4) 16(10.5) 

OR (95% CI) 0(0) 2.27 0 (0) 2.34 0(0) 1.00 0 (0) 0.86 

(1.61-3.20) (1.54-3.55) (0.66-1.53) (0.50-1.50) 

Values are presented as mean±standard error or number (%) unless otherwise indicated. 

BIVll, body mass index; WC, waist circumference; SBP, systolic blood pressure; OR, odds ratio; CI, confidence interval; DBP, diastolic blood pressure. 



1 . Characteristics of subjects 

The characteristics of the subjects are shown in Table 1. The 
total sample for the present study consisted of 3,363 adolescents 
aged 10-19 years (1,757 boys and 1,606 girls). Height, weight, 
BMI, and WC were greater in boys than in girls. Boys had higher 
SBP and DBP than girls in the normal weight and overweight 
groups as well as in the normal and overweight groups com- 
bined. 

2. Correlations of liigli BIVll and high WC with BP 

Using age- and height-adjusted analyses (Table 2), SBP was 
found to be higher in both boys and girls in the high BMI (>85fh 
percentQe) and high WC (>90th percentile) groups. High BM and 
high WC significantly increased the incidence of high SBP (>90th 
percentile) in both sexes. The high BMI and high WC groups had 
higher DBP, and high BMI and high WC were associated with 
higher odds of high DBP in boys. In girls, neither high BMI nor 
high WC had an association with DBP or high DBP. 

3. Correlation of BMI and WC with BP in the various groups 

We analyzed the correlation of BMI and WC with BP and 
high BP separately in the normal weight (BMI<85fh percentile) 
and overweight (BMI>85th percentile) groups as well as in all 
subjects. Age- and height-adjusted models were used for all these 
analyses, because there are known efTects of age and height on 
BP. 

BMI correlated positively with SBP in the normal weight and 
overweight groups in both sexes as well as in all subjects of 
both sexes (Table 3). With an additional adjustment for WC, the 
positive association between BMI and SBP was still present in 
all groups in both sexes. WC was positively associated with SBP 
in all subjects of both genders and in the normal weight and 
overweight groups in both boys and girls (Table 3). When BMI 
was also adjusted for, WC lost its positive association with SBP 



Table 3. Correlation of systolic blood pressure with body mass index 
and waist circumference in all subjects and in the normal weight and 
overweight groups 



Variable 




Boys 




Girls 


Coefficient P value 


Coefficient P value 


All subjects 


(n. 


=1 ,757) 


(n= 


=1 ,606) 


Body mass index 


Ml 


0.312 


<0.001 


0.202 


<0.001 


M2 


0.108 


<0.001 


0.088 


<0.001 


Waist circumference 


Ml 


0.295 


<0.001 


0.183 


<0.001 


M3 


0.010 


0.674 


0.016 


0.525 


Normal weight 


(n. 


=1 ,423) 


(n= 


=1 ,330) 


Body mass index 


Ml 


0.205 


<0.001 


0.147 


<0.001 


M2 


0.086 


0.001 


0.068 


0.014 


Waist circumference 


Ml 


0.189 


<0.001 


0.136 


<0.001 


M3 


0.023 


0.379 


0.037 


0.180 


Overweight 


(n 


=334) 


(n 


=276) 


Body mass index 


Ml 


0.207 


<0.001 


0.234 


<0.001 


M2 


0.142 


0.010 


0.192 


0.001 


Waist circumference 


Ml 


0.155 


0.005 


0.143 


0.018 


M3 


-0.035 


0.529 


-0.043 


0.477 



Ml , adjustment for age and height; M2, adjustment for waist circumference in 
addition to Ml ; M3, adjustment for body mass index in addition to Ml . 



in all the groups in both genders. 

BMI was positively correlated with high SBP in the normal 
weight and overweight groups in both sexes as well as in all 
subjects of boys and girls (Table 4). After further adjusting for 
WC, BMI was still positively associated with high SBP in all 
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Table 4. Correlation of iiigti systolic blood pressure (>90th percentile) 
with body mass index and waist circumference in all subjects and in the 
normal weight and overweight groups 



Boys Girls 





Coefficient 


P value 


Coefficient 


P value 


All subjects 


(n=1 


,757) 


(n=1 


,606) 


Body mass Index 


Ml 


0.209 


<0.001 


0.157 


<0.001 


M2 


0.075 


0.002 


0.059 


0.019 


Waist circumference 


Ml 


0.196 


<0.001 


0.148 


<0.001 


M3 


0.002 


0.929 


0.023 


0.361 


Normal weight 


(n=1 


,423) 


(n=1 


,330) 


Body mass Index 


Ml 


0.131 


<0.001 


0.140 


<0.001 


M2 


0.056 


0.035 


0.073 


0.008 


Waist circumference 


Ml 


0.120 


<0.001 


0.122 


<0.001 


M3 


0.013 


0.627 


0.024 


0.391 


Overweight 


(n=334) 


(n=: 


276) 


Body mass Index 


Ml 


0.125 


0.023 


0.183 


0.002 


M2 


0.109 


0.046 


0.215 


<0.001 


Waist circumference 


Ml 


0.091 


0.096 


0.050 


0.413 


M3 


-0.025 


0.647 


-0.126 


0.038 



Ml , adjustment for age and height; M2, adjustment for waist circumference in 
addition to Ml ; M3, adjustment for body mass index in addition to Ml . 



groups in both sexes. A positive association between WC and 
high SBP was observed in all subjects of both sexes and in 
the normal weight group in both genders (Table 4). After an 
additional adjustment for BMI, this positive correlation between 
WC and high SBP disappeared in all those groups. 

BMI had a positive effect on DBF in all subjects of boys and 
in the overweight group in both sexes (Table 5). After further 
adjusting for WC, BMI was positively associated with DBF in all 
subjects of both sexes and in the normal weight and overweight 
groups in both boys and girls. WC was positively correlated with 
DBF only in all boys (Table 5). After further adjustment for BMI, 
a negative association between WC and DBF was observed in all 
groups in both sexes. 

A positive association between BMI and high DBF was shown 
in all boys and in the overweight groups in both sexes (Table 
6). After additional adjustment for WC, BMI was positively 
associated with high DBF in all subjects of boys and girls and 
in the normal weight and overweight groups in both sexes. WC 
correlated positively with high DBF only in all subjects of boys. 
We did not observe any association between WC and high DBF 
in any groups in either boys or girls after additionally adjusting 



Table 5. Correlation of diastolic blood pressure with body mass index 
and waist circumference in all subjects and in the normal weight and 
overweight groups 



Variable 




Boys 


Girls 


Coefficient P value 


Coefficient 


P value 


All subjects 


(n= 


=1 ,757) 


(n=1 


,606) 


Body mass index 


Ml 


0.108 


<0.001 


0.047 


0.060 


M2 


0.098 


<0.001 


0.087 


<0.001 


Waist circumference 


Ml 


0.078 


0.001 


0.004 


0.860 


M3 


-0.064 


0.007 


-0.074 


0.003 


Normal weight 


(n= 


=1 ,423) 


(n=1 


,330) 


Body mass index 


Ml 


0.034 


0.201 


0.022 


0.416 


M2 


0.065 


0.015 


0.058 


0.034 


Waist circumference 


Ml 


0.001 


0.956 


-0.020 


0.472 


M3 


-0.055 


0.039 


-0.057 


0.037 


Oven/veight 


(n 


=334) 


(n=276) 


Body mass index 


Ml 


0.135 


0.014 


0.157 


0.009 


M2 


0.152 


0.006 


0.197 


0.001 


Waist circumference 


Ml 


0.063 


0.249 


0.031 


0.604 


M3 


-0.094 


0.048 


-0.124 


0.040 



Ml , adjustment for age and height; M2, adjustment for waist circumference in 
addition to Ml ; M3, adjustment for body mass Index in addition to Ml . 



for BMI. 

In summary, BMI, adjusted for WC, was independently asso- 
ciated with BF and high BF in the normal weight and overweight 
groups in both sexes as well as in all subjects of boys and girls. 
In contrast, WC showed no association with BF or high BF in 
any of the different groups in either boys or girls, when adjusted 
for BMI. 



Discussion 

An understanding of how hypertension develops in its early 
stages is important for establishing a strategy for the prevention 
of CVD. As hypertension is closely associated with obesity in 
adulthood, we investigated the correlations of BF with obesity 
indices including BMI and WC in adolescents. The main fmdings 
of our study can be summarized as follows. First, both high BMI 
and high WC were positively correlated with SBF and high SBF 
in both sexes and DBF and high DBF, in boys. Second, BMI 
maintained its positive associations with SBF, DBF, high SBF, 
and high DBF in the normal weight and overweight groups in 
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Table 6. Correlation of high diastolic blood pressure (>90th percentile) 
with body mass index and waist circumference in all subjects and in the 
normal weight and overweight groups 



Boys Girls 





Coefficient 


P value 


Coefficient 


P value 


All subjects 


(n=1 


,757) 


(n=1 


,606) 


Body mass index 


Ml 


0.120 


<0.001 


0.021 


0.396 


M2 


0.081 


0.001 


0.050 


0.044 


Waist circumference 


Ml 


0.098 


<0.001 


0.004 


0.856 


M3 


-0.040 


0.094 


-0.046 


0.066 


Normal weight 


(n=1 


,423) 


(n=1 


,330) 


Body mass index 


Ml 


0.034 


0.203 


0.020 


0.459 


M2 


0.052 


0.049 


0.055 


0.044 


Waist circumference 


M1 


0.008 


0.750 


-0.020 


0.459 


M3 


-0.041 


0.124 


-0.042 


0.144 


Overweight 


(n=334) 


(n= 


276) 


Body mass index 


Ml 


0.097 


0.038 


0.148 


0.014 


M2 


0.094 


0.045 


0.132 


0.030 


Waist circumference 


Ml 


0.048 


0.379 


0.081 


0.182 


M3 


-0.048 


0.382 


-0.019 


0.684 



Ml , adjustment for age and height; M2, adjustment for waist circumference In 
addition to Ml ; M3, adjustment for body mass index In addition to Ml . 



boys and girls as well as in all subjects of both sexes, even after 
adjustment fiDr WC. Third, WC lost its positive correlations with 
SBP, DBF, high SEP, and high DBF in both sexes in the different 
groups, when adjusted for BMI. To the best of our knowledge, 
this is the first study to report the independent associations 
of BMI and WC on BF separately in the normal weight and 
overweight subsets as well as in all subjects of both genders in 
adolescents. 

Obesity in children and its consequences have been attracting 
more attention in the medical field because of the increased 
prevalence of childhood obesity worldwide and the long-term 
deleterious effects of obesity in adulthood. Furthermore, even 
early in life, obesity is associated with elevated BF, and persistent 
childhood hypertension increases the risk for hypertension, CVD, 
and early death in adulthood"'. BMI and WC are commonly 
used indices of obesity, and obesity is hypothesized to increase 
sympathetic nerve activity, insulin resistance, and arterial 
stiffness, which may thereby elevate BF by increasing cardiac 
output and vascular resistance'^'. Numerous studies have 
reported positive correlations between high BMI, high WC, 
and elevated SBF and DBF in children and adolescents' Our 



fmdings are consistent with those studies. 

In studies of adults, a central distribution of body fat has 
been shown to be closely associated with an increase in adverse 
cardiovascular outcomes""', and WC has been considered a better 
indicator of total and abdominal fat mass than BMI. In theory, 
WC might be more closely associated with cardiovascular risks 
such as high BF than BMI, which reflects both lean and fat mass. 
However, this has not been proven in children or adolescents 
thus far. In the Avon Longitudinal Study of Farents and Children, 
which compared the magnitudes of the effects of BMI and WC on 
cardiovascular risk factors, WC was not more strongly associated 
with BF than BMl". Maximova et al.*"' reported that WC and BMI 
had simOar effects on changes in SBF in United States children 
aged 12-13 years. In addition, another study showed that WC 
was not a better predictor than BMI in identifying children (aged 
8-10 years) with high SBF"'. In the present study, we observed 
that BMI was independently and positively correlated with SBF, 
DBF, high SBF, and high DBF in both sexes when adjusted for 
WC. In contrast, WC lost its positive associations with SBF, DBF, 
high SBF, and high DBF in both boys and girls after adjustment 
for BMI, suggesting that with a given BMI, WC does not seem to 
influence BF in Korean adolescents. 

Another important finding of our study is that BMI was 
positively associated with SBF, DBF, high SBF, and high DBF 
in both the normal weight and overweight groups. In some 
interventional studies, it has been shown that BF substantially 
decreases when hypertensive or normotensive subjects who are 
obese lose weight"'. Moreover, in a fiiU range of population-based 
study in which weight and BF were measured in schoolchildren 
once between 6 and 15 years of age and again between 15 and 
18 years of age, a change in the weight was associated with a 
change in BF"". Additionally, the magnitude of change in BF was 
related to weight gain or loss independentiy of the initial BF"". 
From these results, it can be hypothesized that in adolescents, 
BMI seems to maintain its positive association with BF at any 
weight level, and that a change in BMI may lead to a change in 
BF, irrespective of the individual being initially overweight or 
hypertensive or not. 

In conclusion, BMI correlates better with BF and high BF 
levels than WC in Korean adolescents. In addition, BMI has a 
positive association with BF and high BF in the normal weight 
group as well as in the overweight group. 
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